Six experiments were conducted with 8-d-old crossbred chicks to evaluate the effects of 4% excesses of DL-
Introduction
Several studies have investigated the effects of large excesses of amino acids when added to semipurified poultry diets (Snetsinger and Scott, 1961; Boorman and Fisher, 1966; Jones et al., 1967; Nesheim, 1968; Smith, 1968; Okumura and Yamaguchi, 1980) . In addition, the effect of supplemental arginine (Arg) on the toxicity of several individual amino acids has been studied by Nesheim (1968) and Smith (1968) . A systematic investigation of the comparative effects of individual amino acid excesses has never been thoroughly examined in chicks fed practical, corn-soybean meal diets.
The topic of amino acid imbalance has been thoroughly researched in rats (Sauberlich, 1961; Maramatsu et al., 1971; Peng et al., 1973) . In addition, several pigs studies involving large excesses of amino acids have been conducted with Dept. of Anita. Sci. a To whom reprint requests should be addressed. Received January 30, 1987 . Accepted April 23, 1987 either lysine (Lys) or Arg (Southern and Baker, 1982; Anderson et al., 1984; Edmonds and Baker, 1985) , tyrosine (Tyr; Yokoyama et al., 1985) or several individual amino acids (Edmonds and Baker, 1986) . Moreover, self-selection trials involving amino acid imbalances have been conducted in rats (Sanahuja and Harper, 1963; Leung et al., 1968) and pigs (Edmonds and Baker, 1986 ), but to our knowledge selfselection studies involving large excesses of amino acids have not been conducted in chicks.
The objectives of our study were: 1) to rank growth depressions in growing chicks caused by 4% excesses of methionine (Met), phenylalanine (Phe), tryptophan (Trp), Lys, histidine (His), Tyr, threonine (Thr), isoleucine (Ile), Arg, valine (Val) or leucine (Leu); 2) to determine the ameliorative effect of supplemental Arg when added to diets containing an excess of these individual amino acids and 3) to conduct self-selection (i.e., "choice") studies among diets imbalanced with Met, Trp, Arg, Lys, Thr or Leu. Weight gain, feed intake and gain/feed were the response criteria evaluated in the growth trials, while only feed intake was measured in the self-selection trials.
Materials and Methods
Male and female chicks resulting from the cross of New Hampshire males and Columbian females (Parsons et al., 1984) were used in all trials. They were fed a 23% protein, corn-soybean meal (C-SBM) pre-test diet for 8 d posthatching, being allowed access to this diet until imposition of the experimental diets at d 8 post-hatching. Following the pre-test period, chicks in Exp. 1 and 2 were weighed and allotted to experimental diets as described by Sasse and Baker (1974) . The chicks were housed in heated, thermostatically-controlled starter batteries with raised wire floors. A 24-h constant light schedule was maintained. Feed and water were provided ad libitum. Diets were fed to triplicate groups (pens) of five male chicks (Exp. 1) or five female chicks (Exp. 2) from 8 to 16 d post-hatching: Experiments 3 to 6 were self-selection studies in which female chicks were offered a choice among diets containing 4% excesses of individual amino adds. After the 8-d pre-test period, chicks were weighed and randomly allotted to pens. Experimental diets were offered to 12 groups of 40 chicks, 7 groups of 12 chicks, 16 groups of 12 chicks and 7 groups of 12 chicks in Exp. 3 to 6, respectively.
Experimental diets (placed in separate feeders in each pen) and water were provided ad libitum. In Exp. 3, the six feeders (containing C-SBM diet or this diet plus 4% excesses of Lys, Met, Thr, Arg or Trp) within each pen were translocated daily according to a 6 • 6 Latinsquare design (six positions, 6 d). Likewise, a Latin-square design was used to allot randomly the feeders within each pen in Exp. 5 wherein four diets containing individual amino acid excesses (i.e., 4% excesses of Met, Thr, Arg or Trp) were evaluated in a 4-d trial. In Exp. 4 and 6, the two feeders (containing C-SBM diet or this diet plus a 4% excess of either Lys or Leu) were randomly placed on opposite sides of each pen initially and then alternated each day between these two locations for a total of 6 d.
Each pen in Exp. 3 was 200 X 69 cm; pens in Exp. 4, 5 and 6 were 100 x 69 cm. Feed consumed from each feeder was measured daily for Exp. 3, at d 6 for Exp. 4 and 6, and at d 4 for Exp. 5.
The composition of the 23% protein, C-SBM basal diet is shown in table 1. Amino acid additions were made at the expense of cornstarch. All amino acids were added as L-isomers excePt for Met, which was added in bsupplied the following amounts/kg of diet:retinyl acetate, 4,400 IU; cholecalciferol, 1,000 IU; DL-atocopheryl acetate, 11 IU; vitamin Bin, .011 mg; riboflavin, 4.4 mg; d-pantothenic acid, 10 rag; niacin, 22 rag; menadione sodium bisulfite complex, 2.33 mg.
the DL-form. Arginine and His were added as the free base, while Lys was supplied as Lys.acerate. In all cases, amino acid additions provided 4% supplemental free amino acid to the diet.
Experiments 1 and 2 were analyzed by analysis of variance and by Fisher's least significance difference method (Steel and Torrie, 1980) . Experiments 3 and 5 involved nonparametric comparisons of several means, necessitating statistical analyses by the NewmanKeuls' test (Zar, 1984) . Experiments 4 and 6 were analyzed by the Wilcoxon test (Alder and Roessler, 1972 ) because this test is appropriate for nonparametric comparisons involving only two means. Nonparametric tests, which involve within-pen rankings, were used in the self-selection experiments because intake did not meet the criteria of independence required for parametric analysis. The choice studies involved preference rankings of each pen in a given experiment, e.g., with four diet comparisons in each of 16 pens (Exp. 5), a diet rank of 1.0 would indicate that all 16 pens preferred that diet over all other diets while a rank of 4.0 would indicate that all 16 pens preferred this diet the least.
R esu Its
In Exp. 1, 4% excesses of dietary Met, Phe, Trp, Lys, His, Thr, Ile and Arg reduced (P<.05) Cprovided by L-His free base.
dprovided by L-Arg free base.
e'f'g'h'i'j'k'l'm'n'~ within rows and columns for each criterion of response that do not have a common superscript letter differ (P<.05). (table 4) , chicks offered a choice among the basal diet or this diet supplemented with 4% excesses of individual amino acids preferred the diet supplemented with 4% Lys. In fact, chicks in all pens consumed greater quantities of the Lys-imbalanced diet than of any of the other five diets. Thus, a rank of 1 (most preferred) was given for the Lys-imbalanced diet in all pens.
Our next objective was to distinguish preference for the Lys-imbalanced diet from preference for the control diet (Exp. 4). Chicks tended to consume more of the basal diet than the Lys-imbalanced diet, although the average rankings were not different (P>.20, table 5).
In Exp. 5, chicks were given a choice among diets imbalanced with 4% added Met, Thr, Arg or Trp. While performance differences could not be established among Met-, Thr-or Argimbalanced diets, chicks preferred these diets over a diet containing 4% added Trp (table 6) .
Because 4% supplemental Leu was not growth-depressing in Exp. 1 and 2, a final experiment was conducted to examine the bprovided by L-Arg free base.
C'dMeans in the same column that do not have a common superscript letter differ (P<.05).
preference of chicks for the basal diet or this diet supplemented with 4% Leu (Exp. 6). In this experiment (table 7) , chicks did not show a preference for either diet, and therefore the average rankings were not different (P>.20).
Discussion
Addition of 4% Met, Phe or Trp to the basal C-SBM diet resulted in substantial growth reductions of 92, 79 and 53%, respectively. These results parallel those reported by Okumura nd Yamaguchi (1980) , wherein 8-d-old chicks were fed 10% protein diets containing 3% added Met, Phe or Trp; weight gains were depressed 124, 88 and 59%, respectively. Growth depressions of 50, 30, 31, 29, 26, 17 and 5% were observed for 3% excesses of Thr, Lys, His, Tyr, Leu, lie and Val, respectively, but 3% excess Arg was not growth-depressing. The discrepancy (regarding the magnitude and order of growth depressions resulting from excess amino acids) between the results reported by Okumura and Yamaguchi (1980) and those reported herein may be explained by the fact that the Japanese workers used semipurified diets (10% protein), whereas we used a 23% protein, C-SBM diet. Harper et al. (1970) have reviewed the effects of protein level on amino acid disproportions and have indicated that animals fed a diet adequate in protein are less susceptible to amino acid imbalances than animals fed low protein diets.
The finding that excess Met was the most growth-depressing amino acid for chicks agrees well with rat data wherein excess amino acids were added to 6% casein diets (Peng et al., 1973; Peng, 1979) or to 10% casein diets (Maramatsu et al., 1971 ). In addition, Maramatsu et al. (1971) reported that at a 5% level of supplementation, Phe was second only to Met in its growth-depressing effects. Phenylalanine toxicity was followed in decreasing order by Tyr, His, Trp, Thr, Val, Lys, lie, Arg and Leu. In contrast, our chick data indicated Tyr to be relatively less growth-depressing and Lys relatively more growth-depressing than that observed in the rat by Mararnatsu et al. (1971) . aData are means of seven pens of 12 female chicks; 6-d trial; average initial weight was 100 g. A rank of 1.0 indicates most-preferred by all pens (highest possible rank) while a rank of 2.0 indicates least-preferred by all pens (lowest possible rank).
Addition of 4% excess Thr, lie or Arg resulted in a decrease (P<.05) in both weight gain and feed intake, with no commensurate decrease in gain/feed, results that typify amino acid imbalance rather than antagonism (Harper et al., 1979) . A 4% excess of either Val or Leu, however, was innocuous to the chick. Addition of 4% Leu to a 20% protein (C-SBM) diet for pigs also had been found to exert no deleterious effects on growth (Edmonds and Baker, 1987) .
In general, supplemental Arg 41%) tended to alleviate the growth depressions from addition of 4% excesses of individual amino acids (except for Lys, Val and Leu) to C-SBM diets (table 3) . These data parallel the chick work of Smith (1968) , in which excesses of Lys, Tyr, His, Met, Val, Thr, Ile, Phe and Trp were all alleviated to some extent by supplemental Arg. In Exp. 2, herein, supplemental Arg resulted in substantial improvements in weight gain, feed intake and gain/feed of chicks fed C-SBM diets imbalanced with 4% excess Phe or Tyr. Neshelm (1968) also reported increased weight gain in chicks from addition of Arg to soy-protein diets imbalanced with Phe. Moreover, he found increased kidney arginase activity from excesses of Phe, His, Lys, Arg and Orn. Because of the surfeit of Arg in our C-SBM diet (1.61% Arg), increased kidney arginase activity (and therefore, probably increased Arg catabolism) is not a likely factor in explaining why supplemental Arg elicited a growth response when added to diets imbalanced with various excess amino acids. With 4% excess Phe, however, the almost doubling of gain/feed that resulted when 1% Arg was added to the Phe-imbalanced diet strongly suggests that excess Phe antagonized Arg. Whether and to what extent kidney arginase inducement, renal phenomena or other factors contributed to this antagonism is not known.
When given a choice between the control diet (C-SBM) and diets supplemented with various excess amino acids, chicks clearly preferred the diet imbalanced with Lys. Moreover, chicks failed to indicate a clear avoidance for diets supplemented with 4% excess Lys or Leu when offered a choice between only one of these diets together with the control diet (tables 5 and 7). These results differ from those involving rat and pig self-selection trials (Sanahuja' and Harper, 1963; Leung et al., 1968; Edmonds and Baker, 1986) . Thus, rats and pigs clearly indicate strong preferences for a control diet over diets imbalanced with any single amino acid.
Chicks indicated preferences for diets imbalanced with 4% Met, Thr or Arg over those containing 4% supplemental Trp. Self-selection pig studies in our laboratory have indicated that pigs also strongly prefer diets with 4% supplemental DL-Met over those containing 4% supplemental L-Trp. However, pigs clearly prefer diets supplemented with 4% Thr or Arg over diets supplemented with 4% Met, while chicks do not (table 6). Because of the large excesses of crystalline amino acids administered both here and in our pig experiments, preferences resulting from organoleptic properties (e.g., taste or smell) cannot be ruled out. For humans, Trp has an extremely bitter taste and a very unpleasant odor. Methionine is also bitter tasting and has a sulfur-like smell. Lysine and Thr, on the other hand, have a sweet taste and a rather pleasant smell, while Arg is essentially odorless but tastes bitter. In regard to numbers of taste buds, chickens have an estimated 24 in comparison to 15,000 in the pig (Kare and Beauchamp, 1984) . Differences in preference shown by pigs and chickens may also be due to changes in physiological-biochemical phenomena, however, such as changes in degradation rates of amino acids and/or urinary excretion rates. In addition to displaying marked preference differences compared with pigs, chicks also differ markedly from pigs in relative growth depressions caused by 4% excesses of individual amino acids in nonchoice trials. Thus Lys and Thr are far more growthdepressing in chicks than in pigs, but Arg is far more growth-depressing when fed in excess to pigs than when fed in excess to chicks.
It should be noted that comparing diets with a constant (%) excess of individual amino acids is not the same as comparing diets on the basis of a constant magnitude of excess over and above the minimal growth requirement for a given amino acid. In this sense, 4% supplemental Trp should perhaps be more growth-depressing than, e.g., 4% supplemental Met because 4% Trp is about 20 times the chick's Trp requirement, while 4% supplemental Met is only about five times the bird's sulfur amino acid requirement (i.e., Met + cystine). Nonetheless, in non-choice experiments 4% Met is considerably more growth-depressing than 4% Trp, an indication of just how toxic, relatively speaking, Met is when fed in excess of its requirement.
